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TEMPERATURE MEASURING DEVICE AND SYSTEM AND METHOD 
INCORPORATING THE SAME 

BACKGROUND 

[0001] This invention relates generally to temperature measuring devices or 
thermistors and, more particularly, to material compositions for high temperature 
thermistors. 

[0002] High temperature thermistors are often employed to measure the 
temperature in a hot water supply, the temperature of a heating furnace, the exhaust 
gas temperature of a heating furnace, or the exhaust gas temperature of a motor 
vehicle. In these applications, temperatures may range from about 100 degree Celsius 
to around 1000 degree Celsius. However, the performance of these thermistors 
generally degrades at higher temperatures. 

[0003] In certain applications, the accuracy of these thermistors is particularly 
important for the overall operation of a system. For example, the performance of 
engines, catalytic converters, and other devices may depend largely on the accuracy of 
temperature measurements. In combustion engines, the fuel -air mixture, pressure, 
temperature, and other factors play an important role in the control of exhaust 
emissions, such as nitrous oxide (NO x ), carbon monoxide (CO), and hydrocarbons 
(HCs). In addition, modern vehicles are often equipped with catalytic converters, 
which are disposed in an exhaust line coupled to the engine. These catalytic 
converters use agents or catalysts, such as reduction and oxidation catalysts, to 
convert emissions of environmentally unfriendly gases into more environmentally 
friendly gases. For example, a particular catalytic converter may convert nitrous 
oxide, carbon monoxide, and hydrocarbons into other forms, such as carbon dioxide 
and nitrogen. . Again, accurate temperature measurements play an important role in 
the operation of these catalytic converters and the overall combustion engine. 

[0004] A typical catalytic converter operates at temperatures well above 200 
degrees Celsius. The performance of the catalytic converter can be monitored by the 
temperature differential across the converter. In certain applications, the operating 
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temperature of a catalytic converter may be in the range of 300-600 degrees Celsius 
and the temperature differential across the catalytic converter may be on the order of 
10 degree Celsius. Under certain conditions, the temperature endured by a catalytic 
converter can reach or exceed 1000 degrees Celsius, e.g., if unburhed fuel is present 
in the exhaust line. Hence, thermistors should preferably withstand high temperatures 
to ensure reliable operation. 

[0005] Existing thermistors include an unglazed thermistor, which has chromium 
(Cr) based oxides that have a negative temperature coefficient (NTC) of resistance. 
Unfortunately, the resistance values of these Cr -based oxides shift upon sufficient 
aging, e.g., at 1000 degrees Celsius for 1000 hours. This resistance shift is apparently 
caused by the loss of chromium oxide (Cr 2 C>3) by volatilization over time. 

[0006] There is a need, therefore, for an improved thermistor, which can reliably 
perform at high temperatures over time. 

BRIEF DESCRIPTION 

[0007] In accordance with certain embodiments of the invention, a system is 
provided including a heat source, a component coupled to the heat source, and at least 
one thermistor coupled to the component and adapted to monitor temperature of the 
component. The thermistor has a core-shell microstructure having a shell disposed 
about a core, the core comprising Cr 2 0 3 and the shell comprising a rare earth element 
compound. 

DRAWINGS 

[0008] These and other features, aspects, and advantages of the present invention 
will become better understood when the following detailed description is read with 
reference to the accompanying drawings in which like characters represent like parts 
throughout the drawings, wherein: 
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[0009] FIG. 1 is a step diagram of an exemplary temperature monitored system 
having a thermistor in accordance with embodiments of the present technique; 

[0010] FIG. 2 is a step diagram of an exemplary temperature monitored system 
having an engine, catalytic converter, and thermistor in accordance with embodiments 
of the present technique; 

[0011] FIG. 3 is a perspective view of a thermistor assembly in accordance with 
embodiments of the present technique; 

[0012] FIG. 4 is a flow chart illustrating exemplary steps in preparation of the 
thermistor in accordance with embodiment of the present technique; 

[0013] FIG. 5 is a diagram illustrating a basic building step of a core and shell 
structure of the thermistor in accordance with embodiment of the present technique; 

[0014] FIG. 6 is a diagram illustrating a core and a shell microstructure of the 
thermistor having a Cr 2 03 core and a YC1O3 shell in accordance with embodiment of 
the present technique; 

[0015] FIG. 7 is a flow chart illustrating an exemplary method for preparation of a 
core and shell microstructure in accordance with embodiment of the present 
technique; and 

[0016] FIG. 8 is a flow chart illustrating an alternative method for preparation of a 
core and shell microstructure in accordance with embodiment of the present 
technique. 

DETAILED DESCRIPTION 

[0017] As discussed in detail below, embodiments of the present technique 
comprise a temperature sensor, such as a thermistor, having material characteristics 
that ensure reliable operation over a broad temperature range, e.g., . reaching or 
exceeding 1000 degrees Celsius. FIG. 1 illustrates a diagrammatical representation of 
an exemplary temperature monitoring system 10, which includes a measuring device 
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12, a heat source 14, a monitor component 16, and a temperature sensor or thermistor 
18. The thermistor 18 is configured for measuring the temperature of the monitor 
component 16 in accordance with certain embodiments of the present technique. The 
monitored component 16 is subject to temperature variation due to the heat source 14. 
For example, the monitor component 16 maybe a catalytic converter or other 
component of the heat source 14, which may comprise a combustion engine as 
indicated in FIG.l. In operation, the measuring device 12 measures the temperature 
of the monitored component 16 via the thermistor 18. For example, the measuring 
device 12 may include software, hardware, or a variety of electrical -mechanical 
components of a central control system, which utilizes temperature data provided by 
the thermistor 18. The illustrated thermistor 18 includes a material composition 
adapted to ensure reliable and accurate temperature measurements over a broad 
temperature range up to relatively high temperatures, e.g., 1000 degrees and higher. 
Certain embodiments of the thermistor 18 have a core -shell microstructure, which 
significantly improves reliability of the thermistor 18 at higher temperatures. 

[0018] FIG. 2 represents a step diagram of an exemplary temperature monitoring 
system 20 in accordance with certain embodiments of the present technique. 
Accurate temperature detection is important for operation of systems having an 
engine, such as automotive engines. Accordingly, an accurate temperature sensor or 
thermistor can improve the overall operation and efficiency of a combustion process 
and emissions control. The illustrated system 20 includes an air intake 22, a 
measuring device 24, and engine 26 receiving the air intake 22, a fuel source 28 
coupled to the engine 26, and an exhaust 36 extending from the engine 26. Along the 
exhaust 36, the system 20 includes a catalytic converter of 32 and a temperature 
sensor or thermistor 34, which is coupled to the measuring device 24 for monitoring 
the temperature of engine exhaust 36 exiting the engine 26. In operation, the air 
intake 22 provides air from the atmosphere into the engine 26, while the fuel source 
28 supplies a fuel, such as gasoline, to provide a suitable fuel-air ratio for combustion 
within the engine 26. After the fuel -air mixture burns within the engine 26, the 
engine exhaust 36 exits the engine 26 through the exhaust line 30. As recognized by 
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one of ordinary skill in the art, the engine exhaust 36 includes various 
environmentally unfriendly gases, such as nitrous oxide, carbon monoxide, and 
hydrocarbons. Accordingly, the catalytic converter 32 functions to convert these 
gases into more environmentally friendly gases, such as carbon diox ide and nitrogen. 
In turn, these environmentally friendly gases are discharged into the atmosphere 
through the exhaust 36. 

[0019] As illustrated in FIG. 2, the thermistor or pair of thermistors 34 facilitates 
temperature sensing and monitoring via the measuring device 24, such that the system 
20 has temperature data corresponding to performance of the catalytic converter 32. 
In certain embodiments, the thermistor or pair of thermistors 34 and measuring device 
24 detects a temperature differential across the catalytic converter 32, e.g., a 
temperature differential between an inlet and outlet of the catalytic converter 32. 
Depending on the particular application, the catalytic converter 32 may operate in the 
range of about 100 to 1000 degrees Celsius, or in a narrower range of about 300-600 
degrees Celsius. The temperature differential across the catalytic converter 32 may be 
up to 5, 10, 15, 20, or 25 degrees Celsius in certain embodiments of the system 20. 
Given that combustion and emission controls are largely dependent on accurate 
temperature measurements, the illustrated thermistor or pair of thermistors 34 
includes a material composition adapted to ensure reliable and accurate temperature 
measurements over a broad temperature range up to relatively high temp eratures, e.g., 
1000 degrees and higher. Embodiments of the thermistor 34 may include a core -shell 
microstructure, which significantly improves reliability of the thermistor or pair of 
thermistors 34 at higher temperatures. 

[0020] FIG. 3 illustrates a perspective view of an exemplary thermistor assembly 
38 in accordance with embodiments of the present technique. The thermistor 
assembly 38 includes a pair of lead elements 40 and 42, which may extend to a 
desired measuring device or monitoring system, e.g., measuring devices 12 and 24 of 
respectively FIGS. 1 and 2. The illustrated thermistor body 46 also includes a 
thermistor probe or element 44, which extends from a fastening mechanism or mount 
member 46. Accordingly, the thermistor assembly 38 may be mounted to a desired 
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component, such that the thermistor probe or element 44 extends into the desired 
component and the mount member 46 is externally fastened. For example, the 
thermistor assembly 38 may be mounted to the monitored component 16 of FIG. 1 or 
the catalytic converter 32 of FIG. 2. 

[0021] The thermistors 18, 34, and 38 of FIGS. 1-3 may include a variety of 
material compositions having a core-shell microstructure to improve the resistance 
variability and aging characteristics at higher operating temperatures, e .g., up to or 
exceeding 1000 degrees Celsius. The aging characteristic can be defined as the 
variation of resistance with change in temperature over time. In certain embodiments, 
the thermistors 18, 34, and 38 comprise a core -shell microstructure having a chromia- 
based core and a shell disposed about the core, such that the shell reduces or 
substantially arrests chromia loss due to chromia volatilization at higher temperatures, 
e.g., exceeding 600 degrees Celsius. For example, certain embodiments of the 
thermistors 18, 34, and 38 have a core comprising Cr 2 0 3 and a shell comprising a rare 
earth element compound, such as Pr, Nd, Sm, Eu, Gd, Tb, Dy, Er, Yb, Ce or Y. In 
some embodiments, the shell includes but not limited to M2O3, MCr03, M -nitrate, M- 
carbonate, M-hydroxide, alkooxides, carboxylates, or a mixture of M2O3 and Cr 2 C>3. 
In addition, various embodiments of the shell may comprise an aliovalent dopant, 
such as Ca, Ba, Sr, Mg, Si or Ti. In a further embodiment the shell may comprise Y 
and alkaline earth elements. The shell would eventually be a compound of the added 
element and chromia. As discussed in detail below, the core -shell microstructure of 
the thermistors 1 8, 34, and 38 may be formed by a variety of techniques. 

[0022] For example, a shell comprising MC1O3 or MC1O3 plus Cr 2 0 3 may be 
formed by direct coating (e.g., slurry coating) of MC1O3 particles or MC1O3 plus 
Cr 2 0 3 mixture onto a core comprising Cr 2 (>3. Alternatively, a shell comprising 
MC1O3 or MC1O3 plus Cr 2 C>3 may be formed by coating oxide, nitrate, carbonate, or 
hydroxide of a rare earth metal or of a rare earth metal plus chromium onto the core 
comprising Cr 2 C>3 particles. Here, this can be achieved by direct coating or chemical 
precipitation of these particles onto previously dispersed Cr 2 C>3 particles. For 
example, the Cr 2 C>3 particles may be dispersed in a solution comprising a rare earth 
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metal or a rare earth metal plus chromium. Then, a nitrate, carbonate, or a hydroxide 
of a rare earth metal may be precipitated as a shell onto the Cr 2 0 3 particles, which 
form the core; Additionally, hydroxides of a rare earth metal and chromium can be 
co-precipitated as the shell. Moreover, alioyalent dopants, such as Ca, Ba, Sr, Mg, Si 
or Ti, can be incorporated into the rare earth metal sites to tailor the resistance- 
temperature characteristics of the core-shell microstructure of thermistors 18, 34, and 
38. In certain embodiments, this can be achieved by mixing in the dopant containing 
solution with the rare earth metal containing solution followed by the co-precipitation 
as shell onto the Cr 2 03 particles. Finally, the precipitated powder is heat treated to 
form the core-shell microstructure having a Cr 2 C>3 core and a MC1O3 or a MC1O3 plus 
Cr 2 0 3 shell. 

[0023] FIG. 4 is a flowchart illustrating a process 48 fo r preparation of a core-shell 
microstructure in accordance with embodiments of the present technique. As 
illustrated, the process 48 begins at step 50 by preparing a core/shell structure 
powder(s), such as the core -shell microstructure materials described in detail above. 
The process 48 then proceeds to press and sinter a thermistor, e.g., thermistors 18, 34, 
and 38, with leads at step 52. At step 54, the process 48 performs electrical and 
microstructural characterization of the thermistor having the core-shell 
microstructure. The electrical characterization includes measurement of electrical 
resistivity from room temperature to 1000 degrees Celsius. The microstructural 
characterization includes Scanning Electron Microscopy and Energy Dispersive X-ray 
Analysis, wherein the micro structural characterization may be visual observation and 
dimensional measurement to insure the part was adequately sintered and has no 
cracks. The electrical characterization may consist of measuring the electrical 
resistance at one or several temperatures. At step 56, the process 48 analyzes 
operation of the thermistor to qualify the thermistor based on a pass/fail test(s) 
comprising measurement of room temperature electrical resistance. Finally, the 
process 48 proceeds to package the component at step 58. 

[0024] FIG. 5 is a diagram illustrating a basic building block 60 of a core -shell 
microstructure in accordance with certain embodiments of the present technique. As 
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discussed above, a shell and a core of the building block 60 may comprise a variety of 
materials. For example, the illustrated building block 60 may have the core 64 
comprising Cr2C>3 and the shell 62 includes YC1O3. In other embodiments, the shell 
62 may include a rare earth element compound, such as Pr, Nd, Sm, Eu, G d, Tb, Dy, 
Er, Yb, Ce or Y. In some embodiments, the shell 62 includes but not limited to M 2O3, 
MC1O3, M-nitrate, M Carbonate, M -hydroxide, alkooxides, carboxylates, or a mixture 
of M2O3 and Cr 2 C>3. In addition, various embodiments of the shell 62 may inc lude an 
aliovalent dopant, such as Ca, Ba, Sr, Mg, Si or Ti. 

[0025] FIG. 6 is a diagram illustrating a core-shell micro structure 66 having a core 
or core material 68 surrounded by a shell or shell material 70 in accordance with 
embodiments of the present technique. Again, the shell 70 and the core 68 of the 
core-shell microstructure 66 may comprise a variety of material compositions. For 
example, the illustrated core-shell microstructure 66 may have the core 68 comprising 
Cr 2 C>3 and the shell 70 comprising YC1O3. In other embodiments, the shell 70 may 
include a rare earth element compound, such as Pr, Nd, Sm, Eu, Gd, Tb, Dy, Er, Yb, 
Ce or Y. In some embodiments, the shell 70 includes but not limited to M2O3, 
MC1O3, M-nitrate, M carbonate, M -hydroxide, alkooxides, carboxylates, or a mixture 
of M2O3 and Cr 2 0 3 . In addition, various embodiments of the shell 70 may include an 
aliovalent dopant, such as Ca, Ba, Sr, Mg, Si or Ti. 

[0026] The core-shell microstructure may be obtained by a variety of techniques, 
such as the exemplary processes described in detail below with reference to FIGS. 7 
and 8. Turning first to FIG. 7, a flowchart illustrates an exemplary process 72 for 
forming a thermistor having a core-shell microstructure in accordance with 
embodiments of the present technique. According to the techniques of process 72, the 
core-shell microstructure may be formed from a shell material comprising particles of 
MC1O3 or a mixture of MC1O3 and Cr 2 0 3 , which is coated onto a core material 
comprising Cr 2 0 3 particles. 

[0027] As illustrated in FIG. 7, the process 72 begins at step 74 by weighing a 
desired amount of M-nitrate powder, where M represents a rare earth metal step. The 
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process 72 then proceeds to dissolve the M -nitrate powder into water to form a 
solution at step 76. In other embodiments as mentioned above, the powder may be 
dissolved in some suitable solvent instead of water. At step 78, a desired amount of 
Cr203 powder is added to this solution. At step 80, the process 72 proceeds to add a 
dispersant to the mixture containing M-nitrate solution and Cr 2 03 powder. 
Accordingly, the mixture at step 80 may include M -nitrate solution, O2O3 and 
dispersant. The process 72 then proceeds to monitor the pH levels of the solution 
while the solution is mixed or stirred by manual or automatic means at step 82. The 
process 72 then proceeds to add a base, such as an ammonia solution, to the mixture at 
step 82 and the mixing continues in step 84. At query step 86, the process 72 evaluate 
whether the pH levels are greater than about 9 . If not, then the process 72 continues 
adding a base to the mixture at step 84. If the pH levels of the mixture are greater 
than about 9, then the process 72 ceases adding the base to the mixture at step 88. At 
this point, the mixture may include powders of Cr 2 03 core surrounded by a shell of 
M-hydroxide. 

[0028] At step 90, the process 72 stops mixing or stirring the mixture to allow a 
precipitate to settle. For example, the settled precipitate may include powders of 
Cr203 core surrounded by a shell of M-hydroxide. The process 72 then proceeds to 
wash, filter, and dry the precipitate (step 92). At step 94, the process 72 calcines the 
precipitate or powder at a suitable temperature for a desired duration, e.g., 
approximately 1300 degrees Celsius for about 6 hours in air. In other embodiments, 
the calcinations step 94 may include conditions, such as 1000 to 1300 degrees Celsius 
for about 1 to 6 hours in air. At this point, the material may include powders of Cr 2O3 
core and MC1O3 shell. Alternatively, the process 72 may include coating MC1O3 
slurry on to Cr 2 C>3 powder to form the core-shell structure. The process 72 then 
proceeds to mix the calcined powder with sintering aid at step 96. At this point, the 
material may include but not limited to MC1O3, Cr 2 03, CaO, Si0 2 and Ti0 2 . 

[0029] At step 98, the process 72 proceeds to form a thermistor by molding in a 
press, which presses ceramic powder around a set. of leads. The process 72 then 
proceeds to sinter the thermistor 98 at suitable conditions for a desired duration, e.g., 
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approximately 1600 degrees Celsius for about 1 hour in nitrogen followed by 1 hour 
in air at step 100. 

[0030] At step 102, the process 72 proceeds to characterize the electrical and micro 
structural characteristics of the compacted and sintered thermistor. For example, the 
electrical characterization includes resistance versus temperature characteristics of the 
thermistor. The micro structural characterization includes Scanning Electron 
Microscopy and Energy Dispersive X-ray Analysis, wherein the micro structural 
characterization may be visual observation and dimensional measurement to insure 
the part was adequately sintered and has no cracks. The electrical characterization 
may consist of measuring the electrical resistance at one or several temperatures. At 
step 104, the process 72 proceeds to qualify the thermistor via a variety of pass/fail 
tests. For example, the qualification step 104 may include measurement of electrical 
resistivity at room temperature. Finally, the process 72 proceeds with packag ing of 
the thermistor at step 106. For example, the packaging step 106 may include counting 
the parts by weight, cataloging the number, glass encapsulation of thermistor and 
finally putting them in storage in a polyethylene bag. 

[0031] Turning now to FIG. 8, a flowchart illustrates an exemplary process 108 for 
forming a thermistor having a core-shell microstructure in accordance with 
embodiments of the present technique. According to the techniques of process 108, 
the core-shell microstructure may be formed from a shell material comprising oxide, 
nitrate, carbonate, or hydroxide of a rare earth metal or a rare metal plus chromium, 
which is coated or chemically precipitated onto a core material comprising Cr 2 03 
particles. At step 1 10, the process 100 proceeds to weigh a desired amount of O2O3 
material, e.g., powder, which serves as material for the core of the core -shell 
microstructure. At step 112, the process 108 proceeds to disperse the 
weighed/measured O2O3 into a basic (e.g., ammonia) solution with a dispersant. 
Thus, the mixture may include ammonia solution plus Cr2C>3. As the Cr203 powder is 
added at step 112, the process 108 monitors the pH levels of the solution 112 to 
ensure the pH levels greater than 10. The process 108 then proceeds to add a desire d 
amount of M-nitrate solution dropwise into the mixture while the mixture is stirred at 
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step 116. As the M -nitrate solution is added to the mixture at step 116, the process 
108 monitors the pH levels of the mixture as it becomes more acidic, e.g., 
approaching a pH level of approximately 7 at step 118. 

[0032] Upon reaching the desired pH level, the process 108 ceases mixing/stirring 
to facilitate settlement of a precipitate at step 120. For example, M -nitrate, M- 
carbonate, or M-hydroxide may be precipitated as shell onto the O2O3 particles. 
Alternatively, hydroxides of a rare metal and Chromium can be co -precipitated as the 
shell obtained in step 120. Also, aliovalent dopants, such as Ca, Ba, Sr, Mg, Si or Ti, 
can be incorporated into the rare earth element compound sites to provide the desired 
resistance-temperature characteristics. This can be achieved by mixing the dopant 
containing solution with the earth metal containing solution followed by the co- 
precipitation as shell onto the Cr 2 03 particles. The process 108 then proceeds to 
wash, filter, and dry the precipitate at step 122. At step 124, the process 108 calcines 
the precipitate or powder at a suitable temperature for a desired duration, e.g., 
approximately 1300 degrees Celsius for about 6 hours in air. In other embodiments, 
the calcinations step 124 may include conditions, such as differing times, calcining 
atmospheres, and temperatures, such as 1000 to 1300 degrees Celsius for about 1 to 6 
hours in air. At this point, the material may include a core-shell microstructure 
comprising a Cr 2 0 3 core and a MC1O3 or a MC1O3 plus Cr 2 0 3 shell. The process 108 
then proceeds to mix the calcined powder with sintering aid at step 126. At this point, 
the material may include but not limited toMCrC^, Cr 2 C>3, CaO, Si0 2 and Ti0 2 . 

[0033] At step 128, the process 108 proceeds to form a thermistor by molding in a 
press, which presses ceramic powder around a set of leads. The process 108 then 
proceeds to sinter the thermistor 128 at suitable conditions for a desired duration, e.g., 
approximately 1600 degrees Celsius for about 1 hour in nitrogen followed by 1 hour 
in air at step 130. 

[0034] At step 132, the process 108 proceeds to characterize the electrical and 
micro structural characteristics of the compacted and sintered thermistor. For 
example, the electrical characterization includes resistance versus temperature 
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characteristics of the thermistor. The micro structural characterization includes _ 
Scanning Electron Microscopy and Energy Dispersive X-ray Analysis wherein the 
micro structural characterization may be visual observation and dimensional 
measurement to insure the part was adequately sintered and has no cracks. The 
electrical characterization may consist of measuring the electrical resistance at one or 
several temperatures. At step 134, the process 108 proceeds to qualify the thermistor 
via a variety of pass/fail tests. For example, the qualification step 134 may include 
measurement of electrical resistivity at room temperature. Finally, the process 108 
proceeds with packaging of the thermistor at step 136. For example, the packaging 
step 106 may include counting the parts by weight, cataloging the number, glass 
encapsulation of thermistor and finally putting them in storage in a polyethylene bag. 

[0035] While only certain features of the invention have been illustrated and 
described herein, many modifications and changes will occur to those skilled in the 
art. It is, therefore, to be understood that the appended claims are intended to cover 
all such modifications and changes as fall within the true spirit of the invention. 
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